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General 

The HIP reactor is a multiloop roaeaiv:!! reootor chiefly deflipned for teatiru^ fuel 
elemeubfl and materiale for new atomic power iDjaallatlona. lii do3l^j;ii It la the firot 
prototype of ohannel-typo owlmming-pool re»ct'.*J-a. The Kurchatov luutitute of Atomic 
Energy began deolgnlng them in 1956. They aucoeaBfuUy combine the edvimtugee of channel- 
type preasurlsed water-cooled reaetorfi with tlio facllitlee for experlm«iital work typical 
of swiramlng-pool reactors. 

The WP reactor has been couatructed at the Kurchatov Institute to replace tlje PTT 
reacbori It haa been installed In the aame building. The great experience in organlaing 
and conducting loop experlmenta gained during the iong-torm operation of the MX reactor 
waa used in designing the MP reactor. 

Work waa organised so as to reduce the time interval between the ahut-down of the 
MX reactor and the start-up of the new one. When the POT reactor waa still in operation, 
additional basement rooms were built for a number of new loopn. It was doolded to inatail 
the equipment for the primai-y circuit and the cooling circuit of the MP re icOor stacking 
in those basement rooms where physical instruments for exporiinonts with the use of 
V horisontal experimental beams of the POT reactor were mounted. Construction work and 

some of the assembly work was carried out before the P<PT reactor was shut down. After its 
shut-down on October 10, 1962, and its unloading and the -Usmantling of the 
circuit equipment and the loop assemblies, work was started on two pools i one for^ the 
reactor and the other for spent loop and fuel channels. The pools were b-rUt in that 
nart of the POT reactor room under which there were basement premlaoa. 

While construction work was in progress, a separate building waa used for the control 
assembling of the MP reactor core and the entire equlpmont to be installed in the reao or 
pool. Ps^lol with this, loop-circuit equipment was arranged in the old and new rooms 

for lOOD 6LflS0inbl w 

In the course of designing the «P reactor, the accepted solutions were to be 
checked experimentally. Experimental models of all non-standard " 

and their effectiveness tested. On a hydraulic stand, loss*, o ea th-Rtlona 

units of fuel tubes and in some elements of the primary circuit were measure , y 

with a sinulftted fuel aeaerably wer*" corniucted with a view to etudying e wear o 
rolcU^^la due to their vibration in the coolant stream. A special atan was u ed 
/mhnraf'tprlaticB of the aysteras inteoded for removing oxygen from t 

— ^ - z: 

= “ ~ 

:j»irde;irerfS and removing, by means of ordinary crane, fuel tube, and 

loop Channels arranged in an inclined position. Models were aleo J 

best geometry of the equipment in the rooms for loop assemblies. A unlflo. P 
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loop channel with non-ebandard fithin^o and a eysteni for monitoring Ita hormeticlty were 
tested on a full'-alxe standi in coridltluns of the design preasuren, t.emporaturcB and 
flow rates of the coolant. The nntuators for control and safety rods and mobile fuel 
assemblies were tented on a aoparato stand j hjrdraulic deceleration of safety rode duj-iiig 
their fall was also erperljnentallY Hd.jmited, 

The POT reactor was used to toot the main parts of tho new reactor core, fuel 
assemblies which in their design cure oimilar to those of the HP reactor, and also ampoulss 
with samples of beryllium and gruphite-raateriu.lP of which the core and refloctor blocks 
in the new reactor are made. An ampoule with beryllium soinploa was fitted with an electric 
heatari the samples were irradiated in foat-neutron flares at conaldorable thermal 
stresses. Experiments with graphite wore conducted to study the liberation of gases from 
pretroatad graphite samples, under the action of radiation. The working principle of the 
chaanel**by— channel fuel-assembly hcrmeticity monitoring syntem, employed In the UP reactor 
and based on change in the coolant flow rate in this syatom according to tho periodical 
law, was also checked. 

On completing assembly work and adjustment, the MP reactor was brought to critical 
on December 28, I963* Subsequently a thorough study of ita physical and technical 
characteristics was made. Tlie further adjustment of the equipment and instruments in the 
loop assenhlieB was continued eimultaneously. 

At the rated capacity of the reactor equal to 20,000 kw, the thenaal-ncutron flux 
in tho central neutron trap, which is a sphere 100 mm in diameter, filled with water Is 
8 X lO^^n/cm^.sec. 

Design and Krperi nen tol Posaibijitloa 

The general view of the reactor and its separate parts and units are shown in Pigs. 
1-7 and 10—12. Its main technical characteristics are given in Table I. The reactor core, 
fuel emd loop channels, coolant distributing pipes and their headers sire submerged into 
a pool. What is specific about tho reactor design is the use of vnrying-with-helght 
spacing between the channels. In the upper, middle and lower sections of the core this 
spacing Is equal to 140,130 and 120 mm respectively. All this made it possible to 
provide sufficient spacing between the fuel and loop channel heads, with spaces between 
the fuel assemblies in the core made so that the reactor has good physical chsiracteriatios. 
Bie height of the reactor core is 1 «. 

Original head seals have been designed for the reactor fuel channels made in the 
form of Field tubes. When the screw (Pigs. 11 and 12) la termed, the ball lock is locked, 
with subsequent compression of the three rubber rings. Ihe fuel channels contain hlgh- 
presBure water-cooled fuel assemblies. A fuel assembly (Figs.? 11) consists of five 
tubular fuel elements with three spacing lengthwise fins on the outer surface of each 
fuel element. Fins are formed when throe-layer tubes are made by the eartrudlng method 
in the process of hot pressing*^. The nidlayer, which contains uranium, lo equally thick 
between and under the fins. The spacing fins prevent the gaps in both the fuel assemblies 
and between then and the tubes of the fuel channels from being reduced when tho fuel 
elements bond due to considerable thermal-neutron field gradients In a loop-type reactor. 

< 07 ^ ta ftHw Qiogio.al process *of making such fuel elements was elaborated 
by B.Si Ambartsumyan, A. k. Glukhov, R.P. Smirnova et al. 
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In “the eight peripheral unlta of the core are Installed channela with mobile fuel 
aaaeinbllea. Ihase asaembliea are inaerted Into the core from below upwards when the 
reactor ia in operation. For the time the next ucoombly in turn is raised reactor power 

la conaldernbly reduced. Aluminium-canned cadjuium jackets are used to reduce heat ralease 

In the mobile fuel assembliea in the lower powltion imder the core. AiTangod inside 
the three-fin aluminium tubes, along the axis of the fixed fuel asserabliea, are aanples 
of materials for irradiation In intonolve fast fluxes. Fuel aeaembliea with a amaller 
number of tubular fuel elements ore uaod to irradiate largo-size oamplee. The telescopic 
suspension stems for the mobile fuel aoaemblioa, and the stems for the three-tin tubes, 
in the fuel tube heads, pass through packing glands. 

Betwoen the core fuel channels and in the first layer of the side reflector (Pig. 5) 
tu*o installed metallic beryllium blocks. Ihey have through-holes into which beryllium 
plugs are inserted. In bho second layer of the side reflector, graphite blocks in sealed 
jackets are used. All the blocks are 1,100 mm high. Fig. 6 shows a photograph of graphite 

and burylliura blocks. In the 1.5 nun gaps between the graphite and beryllium blocks and 

inside the beryllium blocko flows wntor from the reactor pool to cool these blocks. 'fho 
holes in the beryllium blocko are uaod for Inntalling channels with control and safety 
rods and for irradiating aompleo. The jackets of the graphite blocks are made of sheet 
allmlnium 2 mm thick. Hows of dents on the facets form gaps between the graphite and 
the jacket. The greater amoujit of heat relenood in the graphite la transferred to the 
co<5ling water through tho dents. Owing to this, the graphite blocks, which are nearoat 
to the core, work at a temin'raturo of about which is acceptable from the viewpoint 

of accumulating Wlgner energy and changing tho tllnienaiona of the graphite blocks under 
tho action of radiation. 'Ilio gaps between the graphite and the jacket, and the pores in 
the graphite are filled with nitrogen at a pressure of ^ 0.1 absolute atmosphere. Such 
initial prenaui*e is used in connection with tho chosen temperature conditions for 
the block operation and t)ie possible liberation of gases from the graphite under tho 
action of rndlutlon. In the initial condition the facets of the Jackets are slightly 
bowed. .Vhen the transvei'se dimensions of the graphite blocks are Increased the bowing 
la reduced, Tlie graphite in so oriented that Its maximum radiation growth proceeds 
vertically. During the operation of the reactor it Is possible to interchange the graphite 
blocks nearest to tho core and thooe in bho periphery. 

The WP reactor oore is designed for using uni flow U-nhnpod loop channels with 
branches, mounted away from the core, which serve to feed tho heat-transfer agent. 
Thirteen such channels can be in'H.Mjlod in the reactor at a time; nine of them are 
arranged in the core and four in the refloctor. Tiie maximum diameter for channels in 
the core Is 15^^ tun , nnd for those in llie reflector- 200 mm. The loading and unloading 
of a U-shaped loop chaiuiei is preceded by the withdrawal of some of the reactor stacking 
blocks close to the pipelines of this channel, which should then be put back. Groups 
of jfour beryllium blocks (Fig.IO) arranged ai'ound loop channels 4—2, 6-4, 4-6, 2-4 and 
4-4 con be liilercliangod; tho same applies bo tho blocks around loop channels 2-0, 6-0, 

6-8 and 2-0, and alno to (he fo'.u- symmetrica] groups of six block each, such as blocks 
adj^acont to ciiannel 6—2 nod tho I 50 ram beryllium plug in unit 7“2. 

'n)iB plug can be roplacod by a loop channel; in this cose no loop channel should 
bn Installed In an adjacent unit, sucIi, for inotoiice, as unit 6-2. 

By intorchan^cJ ng groups of blocks it ia poanible to instnll in the same core or 
reflector unit loop channels of various diotaetres, whlcii increases tho experimental 
po 3 £?ibllition of th« reactor. All the units of the core not taken up by loop channela, 
except; unit 4-4, can be loaded with fuel tubes. This is achieved by using replaceable 
support cups Cor fuel tubes, whl-ii are inserted in the loop channel support cups, and 
replaceable portions of pipeliiu*8 to feed and remove the coolant. Ball locks are used 
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Approved For Release 2009/08/17 : CIA-RDP88-00904R0001 001 00024-4 






in coupling fittings as in tho caoe of fuel tube head seals • In the side reflector of 
the reactori channels of various diametros ai'e installed for irradiating materials and 
conducting other ej^eriments* 

The use of dismountablc stacking for the core and the reflector makes it possible 
to Introduce all the necessary changes when the design and dimensions of •xpsrlaontal 
ins t sill at ions are to be altered. 

Mobile starting ionisation chambers or© arranged in the periphery of the reactor 
stackingi while all the other charaboro are outside the atacklng body. All the ionisation 
chambers are located in water-filled channels and are hermetically sealed. 

The actuators for the control and safety rods and those for the mobile fuel-aaseobllti 
are mounted on a traveling table. The design of the gripping device coupling the actuator 
with the stem of a mobile fuel aesembly la shown in Plg.lli a elnilar coupling Is also 
used for the control and safety rodsj; in the case of safety rods a system of hydraulic 
deceleration is used. The decelerating devices are installed in the guiding tubes of the 
actuator table • above water level in the pool« and they fall together with the rode« 

For the reloading period all the control and eafety rods and mobile fuel assembliei 
should be in the lower j)08ition. After those are lowered the actuator table is recoiled 
to the edge of the pool to free the space above the core. 

The fuel-tube pipelines » intended to feed and remove the coolant | are coupled by 
neains of two headers, on which control valves are mounted. Bie control stems of these 
valves come out through the holes in the upper shield plates of the reactor. The use 
of a ball lock in such valves makes it possible to effect remote withdrawal of their 
ports for replacement or repair. At ttio outlet of each fuel tube, the pressure, flow 
rate and temperature of the coolant are measured and its removal to the fuel-assembly 
hermeticlty monitoring system effected. 

Tlie employment of a ring header in the stacking cooling clrult made it possible 
to organize water circulation in such a manner that the liquid ia fed to the upper port 
of the pool after the short-lived radioactive admixtures contained in it have 
disintegrated to a considerable extent. 

The reactor pool and the storage pool are linked by means of a sluice (Fig. 4 ). The 
pools and the sluice have a stainless steel facing. Spent fuel asaembliea are removed 
from the reactor and transported to the storage pool together with their working or loop 
channels. More than that, the lower parts of the channels, where fuel asaeoblies are 
arranged, are always kept in water. storage pool boa special places for channels with 
fuel asuemblles, extracted from the reactor. Moreover, it has a gamma-irradiator, In 
which spent fuel assemblies are used, and a separate tank with equipment for underwater 
cutting of channels of all types. Spent fuel assemblies do not touch the water of tbs 
storage pool; after a proper hold-up they are extracted from the channels and transferred 
to a hot cave. Owing to the gamma-irradiator high power* which reaches several million 
curies, its chamber is mounted at some distance from the walls and bottom of the pool 
and is washed with water. Besides, cooling coils are laid In those parts of the concrete 
block which are close to the irradiator chamber. Spent fuel assemblies with their channels 
are loaded into the chamber from above through the guiding tubes. Before loading, an 
aluminium shield jacket closely fitting both the channel and the guiding tube is put on 
the upper port of each channel. Channels together with their shield jackets are secured 
on suspensions through which water cooling the fuel assemblies is fad and removed. 

Objects to be irradiated are fed into the chamber on a mobile table with a cantilever. 

At this moment all the fuel assemblies are removed from the irradiatCr chamber and are 
fo\md in the guiding tubes. The irradiator is so designed that It makes possible the 
most rational disposition of fuel assembUea not only around but also inside the objecta 
to be irradiated, if their shape so permits. Channels with fuel aflaemblies oan al«o ba 
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installed outsidt the irradiation chamber, close bo its weals, Ob .^ects for irradiation 
con have the most varied dlmonsionja* 

Ttie Flow Dlofiram 

Hie diagram given in Fig, 13 comprlfleu the following tecJmologicai a/stems of 
the reactor! a fuel-asoombly cooling circuit (the first circuit), a stacking cooling 
circuit, systems for removing oxygen from the water in the first oirc’iit and in the 
pool and its saturation with hydrogen, systems for water purification with the eld of 
mochanicnl and ion-exchange riiters, a first-circuit evacuating system and a channel- 
bychannel fuel-assembly hermeticity monitoring system. 

In the first circuit of tho reactor aro employed packlesa puapa. All the fittings 
of this circuit, with tho exception of some leurge dampers, are ballows-sealed. In the 
circuit, two main and two emergency pumps work simultanaously. When any one of those 
pumps is out of order, the reactor la shut down. Pressure head in the emergency puj^ps 
is much lower than that in the main ones. In case of simultaneous work, tho non-return 
valves of the emergency pumps are shut. In these conditions the emergency pumps operate 
at low ca^^aclty, discharging water into a auction header. When the main pumps are cut 
off, the non-return valves of the emergency pujnpa open and tho major portion of the 
coolant , f pumped over by tho emergency pumps now operating at fuil capacity, is fed into 
the reactor. In the reactor stacking cooling circuit, threo main and one emergency 
pump work simultaneously* 

The systens for removing oxygen from the water and sahurating it with hydrogen 
serve to combat coolant medium radiolyois and core and circuit material corrosion. The 
maip equipment of these systems consists of water-gas ejectors, centrifugal separators, 
draining facilities, platinum catalysts and induction electric heaters. The ejectors 
are intended not only for effecting gasoous mixture circulation! noroover, in conjunction 
witjd the separators they ensure the removal of oxygen from the water and its saturation 

with hydrogen* They made it possible to abandon the use of gas blowers and Jet 
x) 

degas if iers, ' 

Channel-by-channel fuel-assembly hermeticity monitoring is based on the detection 
of the gamma-activity of uranium fission short-lived fragments which get into the water 
from a failed fuel assembly. The background gamme-activity of long-lived rt|dloactlv€ 
nuclei is cancelled by changing the water flow rate in the channel-by-channel monitoring 
system according to the periodical law. For this purpose a valve with electric drive 
Is installed on the line aifter th<? data units of this syston,”*^ Provision is made for 
the installation of additional data units on the lines following from the channels. Hila 
makes it possible to study the efficacy of other methods for fuel-assembly hermeticity 
monitoring. 


^ The systems were elaborated by Y*G* Nlkolayev and 
A.A.Chemyatsov* 

^The monitoring method was proposed by T.G, Nlkolayev and 
L. A •Goncharov, 
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Specif io Fell tares of tioactor Rival ca 

In loop 3wi milling-pool roaotore of tha channel-typo, attalllo berylliua ie the 
best material for filling Inierchannel space in the core. 

If inter-ohannol apace ia filleU with Ught water, then for a reactor to hav» 
satisfactory physical characteristics very little space between the channels would be 
required. Such a reactor would bo rather complex in design becauea of a great nunber 
of channels necessary to create a large core, and also because several fuel tubes 
would have to be removed to provide room for a large diameter loop channel. Moreover, 
owing to its short diffuaion length, water ia not the beat material for filling the 
Space around the loop channel, which strongly disturbs the therraal-neutron field. When 
loop chauncla are suroundod with ordinary water, thermal flux dips ore pajrtioularly 
great. Alao for thio reason it Is not profitable to have an or^nary water reflector 
in a loop-type roactor. 

The employment of metallic beryllium blocks for the cor# in conjunction with 
varyiiig-with-helght spacing between the* channels , and the use of graphite blocks in 
the side ref lee tor made it possible to create a comparatively simple multi loop reactor 
which has good phyoical characteristics and great experimental posBlbilltles. Ihe 
reactor would have still better physical characteriotics if there were no water at all 
in the core and reflector stacking, as was the case with the P^T reactor* 

The mean content of water in the MP reactor core is 20 per cent. One fourth of it 
is between the fuel tubes. It accounts for approximately 75 per cent of the mean 
moderating power of all the materKla in the core. In a unit of the MP reactor, thermal 
flux distribution ia rather uneven, for over 40 per cent of the slowlng-down neutrons 
are thormalised outside the fuel channel. Pig. 8a represents a calculated curve of 
radial thermal flux diatrivwcion. This distribution haa been obtained as a result of 
the numerical solution, by the characteristics method of a one-velocity kinetic neutron 
transfer equation in cylindrical geometry, 

Figs. 8b and 8o show radial thermal and epithermal flux distribution in the core 
and the reflector calculated in two-group approximation, and thermal flux height 
distribution in the reactor. Height distribution differs from the ordinary one 
because of the varying spacizig between the channels. 

The critical mass of the MP reqotor turned out to be equal to approximately 2 kg 
of uranluia-235,Thi8 value wae obtained in conditlonu in which beryllium plugs were 
inserted in all the core xinits adjacent to the central units taken up by fuel-ass ombly 
channels. V/hen the physicfid characteristics of the reactor were studied, experiments 
with water-filled central neutron traps of various configuration ware in particular 
conducted. A spherical trap TOO mm in diameter, with beryllium olugs arranged over 
and under it, proved to be the beat. A thermal flux of 8 x 10^^ n/cm^sec. la ensured 
at a power of 2,000 kw obtained from each one of the four fuel assemblies nearest to 
such a trap. 

Table II shows the main physical characteristics of the reactor, The first ten 
values are given for the averaged nuclear composition of the core and the reflectors, 
The value of the infinite multiplication factor, equal to 1,61, does not take into 
account the effects connected with(n, 2n)and(n, beryllium reactions, Calculations 
show that at the initial etage will be 4 to 7 per cent higher, depending on 


Calculations were made according to the programme drawn 
up by V. I .Lebedev and Y, A, Grigoryeva, 
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wbtoh data published on(n,2n)reaotloo oi-oad-aeottooe are used. Moat of this posltlre 
effect dleappears towards the end of the first year of operation due to the bsrylUu. 
being poisoned with JLt'’ nuclei foraed as a reault of the n,.t reaction. Subsequeatly, 
ns gHe^ nuclei accumulate In the borjlUua, will very gradually be reduced. 

Owing to the 'J' ,n beryllium renutlon, the UP reactor core Is a powerful souroe 
of photonoutrons. This makes it poaalble to control, with ooaparatlve ease, remctlTlty 
changes In a euborltloal state, during reloading operations. 

In order to avoid substantial obang,ea In the capacity of the loop channels during 
the reactor operating cycle, provision Is aada for the following sequence of moreaenti 
for the control rods and the mobile fuel assemblies. As the reactor Is poisoned the 
shim rods are removed In the first place (see Plg.IO). osien, as the fuel bums up, the 
mobile fuel assemblies are introduced Into the core one by onei and the four peripheral 
shin rods are again lowered Into the core. The operational reactivity margin (mhown 
in Table II) of the reactor- at the end of Its working oyole ie eneurod by these four 

rodfle 

The exlBtence of a considerable operational reactivity aargln makes it possible 
to bring the reactor to power after forced or planned ahut-downa for leea than an hour* 

Experimental Loop Aaflenblies of the Reactor 

The UP reactor la equipped with a number of experimental loop asBemblies with 
various coolants. Biese asaemblies are used to test new experimental fuel elementa and 
conatruction matsriala for various power reactors being designed or under constructions 

Uoreoveri they are used for studying the behaviour of coolants in pile radiation 
oondltiona and testing the ooolant-purlflcation system, as well ae for ofcher aa^erlmental 
purposes. 


The brief charaot eristics of the loops are given in the folloeing table. 


Loop 

Coolant 

Heat 

power 

(kw) 

Haxlmua 

pressure 

(kg/ca2) 

Coolant 

maximum 

toBipera- 

ture 

Co 

Ooolanat 
flow rate 
(t/hr) 

Number of 

experimental 

channels 

Pressurised 
bolllisg water- 
MK>oled loop 

Water-steam 

emulsion 

2500 

200 

365 

300 

3 

PrasBuriaed 
boiling water- 
cooled loop with 
carbon steel 
equipment 


1500 

200 

365 

30 

3 

Pressurised wa- 
ter-cooled loop 

Watar 

1500 

200 

330 

30 

3 

Organic-coolant 

loop 

Organic 

liquids 

1000 

too 

400 

30 

2 

Helium-cooled 

loop 

Helium 

1000 

100 

850 

1.8 

1 

C02~^ooled 

loop 

Carbon 

dioxide 

500 

60 

350 

5.0 

2 
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The paramofcere of the MP reactor experimental loopo make it possible to teat 
full-alae fuel aaeembliea for reactors dealgaed# When experimental loops were doalgtied 
and constructed, epeclal attention was paid to the reliability of their primary 
oiroulta and their technolcgicol equlpm(*nt and also to their hermoticlty and trouble^fr## 
performance in long-term operation at very high parameters. 

a) Bbqjeri mental Loops With Heat-Transfer Fluids 

llie MP reactor loops with presauriond water and organic liquids (a presaurlsed 
boiling water-cooled loop, a presourioed boiling water-cooled loop with carbon steel 
equipment, a pressurised water-cooled loop, and on organic-coolant loop) have similar 
(ilagramfl. They operate at high presoures and temperatures, are equipped with packXesa 
circulation pumps and bellows-aealed fittings and have similar safety shut-down cooling 
systems. Tlie equipment of the pressurised boiling water-cooled loop and the pressurised 
boiling water-cooled loop with carbon steel arranv^omenta ensures the poaslbllity for 
conducting experiments with water bulk boiling in the reactor experimental channels at 
a steam content of 7 to 10 per cent by weight. As distinct from other loops, the main 
units of a pressurised boiling water-cooled loop with carbon steel equipment (heat 
exchangers, separators, a condenser and a regenerator) are made of peorlite steel. 

This assembly la used to study the possibility of employing carbon-oteel equipment in 
the primary circuit of a power reactor, to investigate carbon steels for corrosion in 
water and steam at high parameters, to try various methods for chemical pretreatment 
of the circuit, and to study methods for removing corrosion products and fission, 
fragments from the coolant and the ourfacos with which it comes into contact. 

An organic-coolant loop is used for ascertaining optimal operating conditions for 
organic coolants, and adjusting ayoberas for removing polymerisation products from them 
and recombining polymers into their initial product. The loop is also used to 
Investigate changes in the conditions of heat transfer on fuel-assembly surfaceo, Presaure 
in the loop circuits Is maintained either by the steam or gas blankets of volume 
compensators of by make-up pumps. The coolant and scrub solutions are removed from 
the water-cooled loop circuits into sedimentation tanks and tho purification system 
through a special pressure hermetic sewerage system, without contaiDinatlDg premisos 
for loop assemblies with radioactive products. 

Reliability of the automatic safety shut-down cooling systems is of special 
importance for powerful experimental loops. On loops with liquid coolants such systems 
are installed according to one principle. When the loop assembly operates normally, ons 
of the two main and one of the two reserve pumps are cut in. In case the working pump 
la out of order and cut off, the reactor safety system is switched on and the reserve 
pump is automatically cut in, la case the two main pumps are out of order or tho two 
different power systems, to which the main pumps are connected, are aimultaneoualy de- 
energised, the reactor is shut down and the second emergency pump la cut in. Tho 
emergency p\imp6, coimecbed bo tho failureproof power supply system, ensure coolant 
circulation in die loop and tlie removal of ed’torhoat in the experimental channels. In 
case the emergency pumps are cut of commission, the coolant can be directly fed into 
the channels by means of make-up pumps. 

Water used in experimental loops as a coolant is specially pre treated. A boiler 
installation is employed to distill it twice. Then the distillate is fed into an 
evaporator where^part of it is turned into steam which together with the air solved 
in the water is 'Mumped'* into a condenser. The distillate thus degassed is fed into 
a cooler and then into a common reserve tank where it is kept under slight helium 
overpressure. From this tank the water is delivered into the water-cooled loop make-up 
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vetiaelB and also for reactor prlmnry circuit make-up. Tlie distillate fud into these 
vosaelB first goes through appropriako ioti-exchango filters. It la thus possible to 
prepare water with the necos.sary salt-content and "pH" parameters for each loop. 
Besides, provision is made for adding various chomiSala directly into any loop make-up 
veasels. 

Each water-cooled loop is equipped with an Imlependent system of mechanical and 
ion— exchange filtere intended to rid coolant modlum of corrosion products and fission 
friigments. 

b) Experimental Loops with Gas Ooolante 

Helium-cooled loop and G 02 -coolod loop are intended for complex fuel element tests 
and for rosearchee of coolants for higU-temperature Kas-cooled power reactors. These 
installations can be used for slrooiatlng tense operating couditJons for experimental 
fv.el elemeutsi thermal loads of l.OxXO^ kllocal /m^hr and 5x10^ kllocal. /m^hr , end 
surface temperatures of 600*^0 and laOO^C in CO^-cooled and helium-cooled loop aasomblles 
respectively. 

In the section between the channel and the regenerator, the helium-cooled loop 
has complex paths for helium circulation at a temperature of up to 05 O®C and junder a 
pressure of 100 kg/cm^. The pressure tube is made of ntaialees steel j its temperature 
does not exceed 50O°C. Inserted into it ore three tJiln-wnlied tubes made of heat- 
resistant steel. The icuier tube serves for gas rirculatlon, while the other two play 
the role of thermal shields. The inner tubes are in an unloaded state and can be 
telescopically compensated for thermal expansion. 

Gas-cooled loops are fitted with appropriate systoina of filters (mechanical, 
cereuoic and cloth) for coolant purification during their work. Moreover, a liquid- 
nitrogen-cooled block of carbon adsorbers is mounted on the helJum-cooled loop for 
removing gaseous fission products. 

The gas-cooled loop vacuum equipment is intended to prcovacuate the main 
circuits of the assembly before they are filled with a coolant. This equipment is also 
used to evacuate the heavily contamliKited coolant into a gaspurlf ication Bjretom • This 
system, which eilso comprises the gas lines of tho liquid-coolant loops, consists of 
gasholders, various filters, high-pressure vessels for holding-up the contaminated 
coolant j and appropriate compressor equipment. 


o) Experiments! Channels of the Loops and Tlieir 
Hermeticlty Monitoring Syntom 

The arrangement of one of the uniflow U-shaped loop channels of the MP resetor 
is shown in Fig, 9. Such loops ore rather complex in design. However, they have a number 
of advantages. For testing experimental fuel assemblies similar in size, a unlflow 
loop channel^ as distinct from Field tubes, is made of smaller-dlamoter and thinner pipe. 
In high-pressure work, this leads to o roughly 1,5 times increase in the thermal flux, 
which considerably widens the experimontal possibilities of tho reactor. The loop 
channels are almost completely submerged into the reactor pool, Biey have hermetic 
jackets, separating the high-pressure and high-temperature tubes from the water in the 
pool, Tho main tubes in tho loop channels also have jackets to isolate them from the 
cold water in the reactor pool. The jackets within tho limits of the core are made of 
eaumlnlum alloy. The air-filled space between the main tubes and tho jackets is 
evacuated and linked with the channel hermeticlty monitoring system which gives warning 
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and emergency signal St Whoa vacuum drops to a ceruain level and in case the loop- 
channel cooling system fails, the reactor in shut down and the vacuum cavities ara 
slmulteineoualy filled with helium. Those rnoasures make loop tests in tho reactor 
completely safe. 

Special fittin'^s, designed to connect the loop rhomiela with their circuits and 
the hermeticity monitoring system, are arranfsed in cellera adjacent to the pool edge. 
The dismountable barriers and ceilings of tho cellers separate them from one another 
and from the adjacent rooms, ^rhoy are ventilated so as to maintain the maximum air 
rarefaction in them as compared with the adjoining premiaos. The cellers ai*e connected 
to the special sewerage system. In cose the main tubes of chamiol head seals are 
uncanned^ the escaping coolant gets into a celler. Air samples are taken from each 
celler and tested for radJ-oactive ndmixturcs. Air humidity In the water-cooled loop 
cellers is continuously checked, A loop channel con be disconnected Irom its ciroult 
through the holes In the shield platen, without the need to taJee them off. The 
contoDiinated surfaces inside the celler can be washed through the some holes. The 
fittings arranged In the cellors make It possible to seal the ends of the tubes In 
a loop channel and Its circuit after their dlnconnoction, 

Tho use of such cellera helps to avoid the spread of radioactive contaminoiitB 

in the reactor room. 

Special demands are made on loop chnrmola because this part of tho experimental 
aasembly operates in very hard conditions ( moxlnnijn temperatures, maxiraum mechanical 
stresses, radiation effects). That la why manufactured loop channels ave nubjocted 
to severe teats, while the time for their service in the reactor Is limited. 

Hero are those who played on important part in the design of the MP reactori 
V.I. Bespalov, L. A. Goncharov, G.A.^yomin, N.A.Knrooev, V.F.KaracUliieky, A. R, Kruglov, 
I.M.Novlkov, N.F.Russkov, A.V.Taliyev, V.K.Fishevsky, I.I.Blioiin, B.A. tatsonko and 
others from among the operating personnel of the IW reactor. 

Table I 

UP Reactor Technical Characteristics 
I, Maximum capacities, 

of the reactor (without the capacities of tho 

loops) 

of a fuel aasembly 

2* Mactimun coolant flow rateaJ 

in the primary circuit , , . * • .*.••• 
in tho stacking cooling circuit ♦ , , ^ . 

through the ejector nozzles in each circuit . 
in a fuel channel • • 

3, Coolant pressures in the primary circuit! 
maximum ,.•,,••••••• ••••••• 

at the core outlet 

in the volume compensator . , • * 

4, Coollxig water temperatures: 

at the channel inlet 

at the outlet of a channel with maximum heat 

release ,,.#••♦•••• • 

at the stacking inlet • .,**••• 
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20,000 kw 
2,000 kw 

600 t/hr 
, 1000 t/hr 
50 t/hr 
25 t/hr 

. 21 kg/cB^ 

. 10 kg/cB^ 

, 8 kg/CB^ 

. «)°c 
. iio'’c 
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5* on tile fuel OBoomblios and tHelp oporti'tJng conflibiono 
at H power of 2000 kw: 

lengl.li of the aotlve pert • 1000 oun 

hoat-excheutge aurfQce 

heat-roleaoe layer tUjckneao 0.5 raw 

can thlckntioa • . . . . i 

ui’anium-23.5 content 350 gr 

maximum thermal riux 2x10^^ kllocal /a^ljr 

coolant velocity . , . 6.5 m/nec 

maxlrnura teinporature of the wn] 1 uinier l;ho fin ..... 160^0 

maximum temperature of the wail between the fine ..... 140^0 

luargin prior to boilin*^ 20^0 

6. Materials: 

fuel per cent enriched uranium 

fuel elemont ooree , . ui;aul\iin— alijualnlum alloy 

aluminium alloy 


fuel element cons 


fuel channols nnd control and oafoty-rod lioleo 
control and safety rods ..... 

stacking: body with tlie ouppurt (;ricl, 

protective plate 

support structui'oo in the po(j 1> 
headers, fittings, cooling clroull; 
pupelinoB* parts of the table for actuators, 
pool facing 

Core and side rofJeotor average voiiunefcrio 
composltioni 


aluminium alloy 
Al-clod boral 

Blumloiuin alloy 


otalnleos steel 


core • • * 

... borylllujn 

0.658 


water 

0.201 


aluminium 

0.139 


urnniuin 

O.OOI2J 

first reflecting layer 

• • 1 • b*T3'llium 0,97 


water 

0.03 

second reflecting layer . 

«... graphite 

0.888 


water 

0.025 


alurainlum 0.059 


gas gaps 

0.028 
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IVible II 

MP I^iuofcor Wiyolcal Chfiractorlatlos 


Thurmal utlllzaOlon f«(»tor • 0.788 

Reaonance capture eucape probability 0.987 

Infiaite medium multiplication factor ••••••,•• 1.61^ 

P 

Squarn diffuaion len^sth, cm J 

cox'e * 12 

side reflector lot layer 300 

Bide reflector ^nd layer 500 

p 

Square length of raodivration, cm J 

core • • 6X.S 

aide reflector let layer . . . • 70*5 

side reflector 2nd layer 270 

Reflector eavingB, cm « 

side reflector IS 

end reflectors • 8 and 9 

Full reactivity lumrcin with 37 fuel 

Qsaombllos,?^ • • # 27^^ 

Reactivity margin dlHtributLoii,^ 

steady -state xenon poisoning 4 

burn-up and samarium poisoning 14 

loop and other experiments 

operational reactivity margin . • * 1*3 

Effectiveness of the control and eafety system, 

safety rods (6 units) • t « • • . • 4 

shim rods (9 units) . • # • 4.5 

mobile fuel assemblies (8 units) 3*5 

Maximum spor.l L’ic powers 

volume, lcw/1 ••.•••••••• 160 

fuel, lcw*por 1 kg of uranlum-255 • • 9500 

Maximum thermal fluxes (at T„ _ = 293°K) u/ca^aeoi 

n*D* T4 

in the central spherical trap • . • • 8x10^^ 

in the uranium 2.4x10 

Maximum fast fuel-assembly axial flux (B^O.5 Wev) • • » 1.5x10 

Bum— up of uranium-235 in fuel assemblies, % 

maximum ^ 

average 30 

Operating charge, kg.of uranium-235 *»•••••• 7 

Maximum number of fuel asiiemblles in the core 

during the operating cycle 28 

Duration of the operating cycles days ••.••• 21 

Kumber of operating cycles per charge (28 fuel 

eussemblies) 5 


Without taking into account n,2n, ^ ,n and n,«t. beryllium reactions, 

^^^.activity balance wae calculated according to the fonaulai 1 - ^ an(l “ ^ ) 
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Core and rerlector horizontal section. 

1. Fuel channel with fixed fuel asaeobljri 2. fuel 
channel with laohlla fuel aaaenhXgQrt 3. uniflow 
U>8haped loop channel | 4. loop channel pipeline to 
feed coolant I 5. sample holei 6. aohlle ionisation 
ohaaber channel} 7* fixed ionisation ohaaber chan- 
nel} 8. safety rod; 9. autoaatio regulation rod; 

10. shin rod; 11. berylllua blooksi 12. aluainiw- 
oanned graphite bloolcai 13. aluminium blocks. 



Fig. 6. Alvualnlun— canned graphlle oloojc, Dezy— 

Ilium blocks and plugs. A channel with a 
control and safety system rod is inserted 
into one of the blocks. 





Pig.7. Core unit} a channel with a control 
and safety system rod is installed 
in the central hole of a bezylllum 
block. 


> (a and cj. Unit radial and reactor 
height relative thenaal distributions 
b. reactor radial epitheroai } 
and thermal relative distribucloa; 

1. core; 2 and 3* first and second re- 
flecting layers; 4, water. 
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?i5<10« Dlagr«tt ahowlzis tha diapoaitlon of fual 
eoid loop ohannala «iid. control and aafaty 
rods (for ayabols saa Pig. 5)* 
a. Co-ordlnata acalea of fual and loop 
cbannelai b. oo-ordinata scalaa of the 
atacklcg blocks of tha cora and tba raf- 
lector. 

Tha first dlslta of the channel or block 
nuabar ar# datarmlned according to vertical 

acalea. 


Pig.ll. Flva-tuba fuel aaaeably with spacing ribai parte 

of fuel channels with fixed and aobila fuel aaaaa- 
bliea. The head of the channel with a fixed fuel 
assaably projects frow the support cup; atea and 
ics head grip are seen. 


ng.g. Loop channel general view and. diagram. 

1. Fuel aaaamhlyi 2. channel w ain tubes; 

5, alumlnlun-alloy insulating Jackets; 

4. stainless steel Jackets; 5. teapara- 

tuxe expansion compensators ; 6. thermocou- 
ple; 7. tube for leading out the thermo- 
couple lines and for monitoring channel 
head seal hermetic Ity; 8. line for eva- 
cuating the Intor-tube space and filling 
it with hallum in case of anergencyi 
9. fittings for connection with loop 
Circuit; 10, position of the core centre. 



r:: □ 


7ig.l2. Fuel channels with wobile and fixed fuel aaaaabllea. 

1. Support cup; 2. ball lock; 3. packing gland; d. ring rubber aeala; 5. cooling water feed and 
rsaovali 6. ribbed tube; 7, fuel aassably in working position; 8. aobile fuel assaably in the 
lower position; 9. aluminium-canned cadmium acrean; 10. telescopic suspension; 11. stea. 
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Flow dlasram* 

1 and 2. Main and anorgency packleas pumps of the primary circuit; 3 and 4. main and emergency pumps 
of the stacking-cooling circuit; 5. pumps of the systems for removing mechanical and ion admixt^s 
and dissolved oxygen from the water; 6. heat exchanger; 7. neshy filter; 8. data units of the ohan- 
nel-hy-channel fuel-assembly heimeticity monitoring system; 9. cloth filter; 10. cation filter; 

11. filter with a mixture of cation-exchange and anion-exchange resin; 12. volume co^)ensator| 

13. water-gas edector, 14. separator, 15 . draining facility, 16. platinum catalyst, 17. induction 

heater; 18, make-up pump; 19. flow-limiting device in the hydrogen-feeding line; 20. ratemeter; 

21. vessel with a helium-hydrogen mixture, 22. vessel with helium, 23- collector of the vacuum 
lines I 24* intermediate vessel; 25. vacuum pump; 26* gas bolder. 
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